The effect of fish larvae on the diel vertical migration of the zooplankton community was investigated in two tropical lakes, Finado Raimundo and Pintado lakes, Mato Grosso do Sul State, Brazil. Nocturnal and diurnal samplings were conducted in the limnetic region of each lake for 10 consecutive months from April 2008 to January 2009. The zooplankton community presented a wide range of responses to the predation pressure exerted by fish larvae in both environments, while fish larvae showed a typical pattern of normal diel vertical migration. Our results also demonstrated that the diel vertical migration is an important behaviour to avoid predation, since it reduces the spatial overlap between prey and potential predator, thus supporting the hypothesis that vertical migration is a defence mechanism against predation.
Introduction
The diel vertical migration (DVM) of zooplankton is considered the largest (in terms of biomass) and the most regular migratory movement on the planet (Hansson et al., 2007a) . The normal DVM is by far the most frequently observed pattern carried out by migrant zooplankton in marine and freshwater habitats (Pearre Junior, 2003) . In the typical DVM behaviour, also referred as normal DVM, zooplankton remains in the upper strata during the night, and migrates toward colder and darker layers during the day (Wetzel, 2001) . The most accepted hypothesis to explain the DVM is the avoidance of predation and argues that this ubiquitous behaviour pattern enables avoidance of visual predation by zooplankton in surface water through the use of deeper layers of the water column as a refuge during the day (Zaret and Suffern, 1976; Hansson et al., 2007b) . This phenomenon has been a major subject in studies over the past decades (Ringelberg, 2010) .
In plankton communities, predation risk of a given type of prey can be estimated from two primary components: the vulnerability of the prey and the density risk, which depend on the density of the predator and the spatial and temporal overlap between populations of predators and prey in nature (Williamson and Stoeckel, 1990) . Prey-predator interactions are therefore strongly dependent on the spatial distribution of predator and prey, and DVM could be an effective mechanism to minimise the risk of predation by tactile and visual predators (Williamson, 1993) .
Fish larvae play a key role in structuring the zooplankton community by selectively feeding on large-sized zooplankton, which leads to a change in the structure of the planktonic community, with the gradual development of dominance of small-sized species (Soares, 2003) . Cushing (1975) suggested that the reproductive period, survival and growth of fish larvae are strictly dependent on periods of high food availability. This indicates that the investigation on the relationships between fish larvae and zooplankton is essential for the understanding of the distribution of organisms. The zooplankton community is heterogeneous in time and space, which could contribute to the variation in the fish larvae community.
Studies performed in the region of the Upper Paraná River floodplain related to the vertical distribution of zooplankton community are limited to very few studies, such as Tomm et al. (1992) and Lansac-Tôha et al. (1995) , whereas studies on the vertical distribution of ichthyoplankton community are lacking, and studies relating both communities are restricted to those investigating the feeding of fish larvae, including Makrakis et al. (2005; and Manetta et al. (2011) . According to Mehner (2012) , there is no recent literature available regarding the mechanisms of DVM in freshwater fish. The existing DVM studies on fish are currently restricted to marine environments and only a few encompass in detail the historical reasons of the studies on DVM and its possible causes. Despite being widely proven that zooplankton may change its migratory behaviour in response to the presence of predators (Dodson, 1988) , studies on diel vertical migration of zooplankton in nature, focusing on the prey-predator spatial overlap, are still scarce.
Thus the present study aimed to investigate the effect of fish larvae on the diel vertical distribution of the zooplankton community in the lakes Finado Raimundo and Pintado, which are permanent lakes located at the Ivinheima River basin in the Upper Paraná River floodplain. It was examined the changes in the spatial overlap between potential predator and prey, and verified the relationship of some environmental variables with densities of communities involved in this study.
Material and Methods

Study site
The Ivinheima River basin, one of the major tributaries of the right bank of the Paraná River, with an area of 38.200 km 2 located in the state of Mato Grosso do Sul. The river course extends for about 310 km, and the upper and middle stretches run in a north-south direction and the lower stretch runs parallel to the Paraná River (northeast-southwest direction), resulting in a large number of temporary and permanent lakes, some with a large size and with direct connections with the river (Souza-Filho and Stevaux, 2004) .
For this work, we studied the lakes Finado Raimundo (P1) (22°47'40"S; 53°32'14"O) and Pintado (P2) (22°56'46"S; 53°38'33"O), which are permanently connected with the Ivinheima River (Figure 1 ). The margins of the lakes is colonized by woods, where the predominant genus is Cecropia, shrubs and Polygnum and also with areas occupied by macrophytes, with Eichhornia azurea being the most abundant species. The depth of these lakes ranges from 3 to 6 meters.
Sampling and frequency of collections
The vertical distribution of zooplankton organisms and predators (fish larvae) was examined in the limnetic region (surface and bottom) of the sites P1 and P2 during the day (12:00 h) and at night (00:00 h) by monthly samplings from April 2008 to January 2009. The depth of the sampling points is 4 meters.
Zooplankton samplings were performed using a motorised pump to filter 200 litres of water per sample through a conical net (68-μm mesh size). The material collected was stored in labelled polyethylene vials, and fixed with 4% formaldehyde buffered with calcium carbonate. For sampling fish larvae it was used a conical-cylindrical plankton net with 0.5-mm mesh size with a flowmeter attached to the mouth to obtain the volume of filtered water. The net was hauled using boats at low speed. Bottom collections were undertaken through a plankton net with the same mesh size and a flowmeter, attached to a metal sled. Individuals caught were anaesthetised with eugenol (4-allyl-2-methoxyphenol) and then fixed with 4% formaldehyde buffered with calcium carbonate. Concurrently to plankton samplings, water samples were taken using a 5 L Van Dorn bottle to determine abiotic variables -pH, water temperature (expressed in ºC), electrical conductivity (expressed in μS/cm) and dissolved oxygen (expressed in mg/L) -using portable digital equipment.
Laboratory analysis
For the determination of zooplankton density, subsamples were taken with a Hensen-Stempell pipette (2.5 mL), and at least 50 individuals of rotifers, cladocerans, and young forms (nauplii and copepodids) and adults of copepods were counted in Sedgewick-Rafter chambers under an optical microscope. The count of organisms was based on the methodology of Bottrell et al. (1976) , by setting three subsamples for each sample collected. Samples with a low number of individuals were counted entirely. The total density was expressed in ind./m 3 . For species identification, we used specific literature for each group.
For the analysis of ichthyoplankton, fish larvae were separated from the rest of the plankton, with the aid of a stereoscopic microscope and Bogorov chamber at a magnification of 10×. Larvae were identified considering all morphometric characteristics according to Nakatani et al. (2001) . Subsequently, data of larval density were standardised to a volume of 10 m 3 of filtered water, according to Nakataniet al. (2001).
Statistical analysis
The possible influence of environmental parameters (pH, temperature, dissolved oxygen and electrical conductivity) on zooplankton and ichthyoplankton communities was evaluated by Pearson correlations. This analysis was run using Statistica TM 7.1 (Statsoft Inc., 2005) . The significance level was set at p< 0.05.
For the analysis of the vertical distribution of the collected organisms, the mean depth distribution during the day and night for each population of zooplankton and of fish larvae was calculated according to the Equation 1 of weighted mean depth (WMD) of Frost and Bollens (1992) :
Where ni is the density (individuals per m 3 ) of the population i and di is the depth of the sample i, which is considered as the midpoint of each depth layer. The amplitude of vertical migration of organisms was determined by the difference between the mean depth of the organism i during the day and night.
As a criterion for determining the DVM behaviour, the mean differences of WMD between day and night of the populations distribution were tested using the two-tailed t-test. It is considered DVM when the difference between means of WMD day and night is significant (p< 0.05). The migration amplitude (ΔZ) was determined by the difference between the WMD day and night, with positive values indicating normal DVM and negative values indicating reverse DVM.
In order to understand the variation of populations of predator (fish larvae) and prey (zooplankton) in the water column, the overlap index was calculated using the Equation 2 described by Williamson and Stoeckel (1990) :
where z is the depth, m is the number of sampled depths, Njz is the density of the predator i and niz is the density of the prey i. Values of Oij vary from zero (without overlap) to the upper limit (complete overlap), limited to the number of sampled depths. If predator and prey are evenly distributed in the water column, Oij=1, values <1 indicate some degree of segregation between species studied, and values >1 indicate some degree of aggregation between species studied in any layer of the water column.
Results
Environmental variables
In general, during the study period there was a slight variation of abiotic values between the surface and the bottom of the sites. At site P1, the temperature of the water column had the highest difference between surface and bottom in November (3.9 °C), while at P2 the highest gradient between layers was registered in September and October (1.8 °C) (Figures 2a-b) . The dissolved oxygen at the sites P1 and P2 presented the highest gradient in May with 1.39 mg.L -1 and 2.8 mg.L -1
, respectively (Figures 2c-d) . Values of electrical conductivity showed a small variation between surface and bottom in the sampled sites: in P1 the highest difference between strata was detected in September (4.9 μS/cm), whereas for P2 it was observed in May (11.8 μS/cm) (Figures 2e-f ). For the pH there was no stratification between the surface and bottom of the sites (Figures 2g-h ).
Densities of fish larvae and zooplankton in the lakes
The communities examined in this study exhibited, in general, significantly (p <0.05, two-tailed t-test) higher densities at the site P1. Fish larvae in this site showed higher density in October (159.6 ind./10m
3 ), and at the site P2, the highest density was observed in January (48.3 ind./10m
3 ), without catch of larvae in July and August in both sites (Figure 3a) . In relation to zooplankton organisms, rotifers at the site P1 exhibited higher density in July (243 × (Figure 3c ). Copepods at the site P1 had the highest density in December (139.5 × 10 3 ind./m 3 ), and at P2, in September (721.1 × 10 3 ind./m 3 ) (Figure 3d ). Generally, it was possible to distinguish a clear heterogeneous distribution of fish larvae in the water column, especially at P1, where the higher abundances during the day were observed in the bottom, and during the night in the surface (Figure 4 ). The zooplankton community had no clear seasonal pattern in distribution in the water column, for both lakes (Figure 4) . 
Diel vertical migration patterns and seasonal changes in the weighted mean depth of zooplankton distribution
Changes in patterns of vertical distribution of zooplankton organisms in the sites P1 and P2 are clearly discernible in some sampling months. Significant differences (p< 0.05, twotailed t-test) were found in the diel distribution for rotifers at the site P1 in April, July, September, October, November, December and January, showing that these organisms migrated along the water column. In the other months there were no significant differences between day and night, indicating the reduction or even the absence of vertical migration. At P2, significant differences in the diel distribution of rotifers were registered in June, July, September, October, November and January. The migration amplitude for rotifers at the site P1 varied between 0 and 2.4 m, whilst at the site P2, from 0 and 1.9 m. Cladocerans showed significant differences in the diel distribution at the site P1 in almost all study months, except for January. At P2, there were significant differences in diel distribution of cladocerans in April, July, August, September, October, November and December. The migration amplitude for cladocerans at the site P1 ranged from 0.3 to 1.7 m, and in the P2, from 0 to 2.1 m. Regarding the copepods, they had significant differences in diel distribution at the site P1 in April, May, July, November and December, whereas at the P2, significant differences in diel distribution occurred in most months, except in December. The migration amplitude of these microcrustaceans at P1 varied between 0 and 1.6 m, and at P2, between 0.7 and 1.7 m (Figure 5 ). 
Relationship between densities of fish larvae and zooplankton with environmental variables
The correlation between density of larvae and of zooplankton groups with environmental variables showed three positive and one negative significant correlations in the site P1: between the density of fish larvae with temperature (°C) (r = 0.44 and p = 0.038) and with dissolved oxygen (mg.L -1 ) (r = 0.49 and p = 0.017); between density of rotifers with dissolved oxygen (mg.L -1 ) (r = -0.31 and p = 0.046); and between density of copepods with temperature (°C) (r = 0.48 and p = 0.001). For the site P2, there was a positive significant correlation between density of fish larvae with pH (r = 0.52 and p = 0.020). For the other results, there were no significant correlations recorded between densities of fish larvae and zooplankton groups with environmental variables (Table 1) .
The effect of fish larvae on zooplankton vertical distribution
The weighted mean depth (WMD) of zooplankton and fish larvae distribution during the day and night are shown in Figure 6 . In the site P1, fish larvae exhibited normal diel vertical migration in all months when catches were recorded, i.e. they remained in deeper strata during the day and came up to upper strata night. In the site P2, larvae exhibited normal DVM between November and January, but in September larvae remained in the lower layer during the day and night. For the other months it was not possible to detect the DVM, since larvae were caught only in one stratum. The migration amplitude of fish larvae at the P1 varied between 1.8 and 3.9 m, while at P2, between 0.1 and 2.9 m (Figure 6 ). The spatial overlap analysis of zooplankton groups with fish larvae indicated that at night the mean values of overlap in the site P1 were 0.37 rotifers, 0.37 cladocerans and 0.38 copepods, while during the day were 0.45 rotifers, 0.49 cladocerans and 0.46 copepods. The spatial overlap analysis of zooplankton groups with fish larvae at the site P2 showed that at night the mean values were 0.53 rotifers, 0.61 cladocerans and 0.61 copepods, whereas the mean values during the day were 0.53 rotifers, 0.45 cladocerans and 0.46 copepods. The analysis of spatial overlap indicated that the zooplankton organisms substantially reduced the overlap with fish larvae.
Discussion
Data about vertical distribution of ichthyoplankton and zooplankton in the lakes Finado Raimundo and Pintado provide evidence that these communities perform diel vertical migration, based on the differences found in the vertical distribution between day and night. Physical and chemical characteristics of the studied water bodies exhibited no considerable variation between the surface and bottom, possibly due to the small depth of the lakes (maximum depth of 6 m). Therefore these characteristics have do not explain the stratification of the analysed communities. This probably explains that the lakes are subjected to rapid cooling and heating processes and continuous mixing by wind action, which prevents the formation of vertical stratifications.
In general, fish larvae exhibited a clear pattern of diel vertical distribution in the water column. For both lakes Finado Raimundo and Pintado it was observed a normal DVM phenomenon, with the larvae remaining in upper strata (surface) night, and migrating toward deeper and darker layers (bottom) during the day. The most accepted idea to explain the causes for DVM in freshwater fish is the light cycle, comprising the of light-dark cycle or the day-night cycle, which are separated by brief crepuscular periods (dusk, dawn) when the light changes rapidly (Mehner, 2012) . There is general consensus that the decline in lighting at dusk stimulates the rise of several fish genera in the water column, whereas the increasing illumination at dawn induces the descent to the darker layers (Probst and Eckmann, 2009 ).
The zooplankton community showed variations in its responses (in terms of DVM) to predation pressure exerted by fish larvae in the two lakes. In the presence of predators (fish larvae), especially in the Finado Raimundo Lake, rotifers have shown a reverse DVM. The hypothesis of avoidance of predation has also been used to explain the reverse DVM; this behaviour is the result of the avoidance of predation by predators, which, in turn, perform regular DVM (Ohman et al., 1983) , and this behaviour was found in fish larvae of the present study. Some field studies (Stich and Lampert, 1981; Ohman et al., 1983) suggest that rotifers can present well-defined movements on a small scale (less than 1 meter) over a period of several hours, which are significantly and negatively correlated with the diel movement of predators. Williamson (1993) observed that some rotifers substantially reduced the risk of predation through diel vertical migration. Gilbert and Hampton (2001) showed that Polyarthra remata Skorikov, 1986 displays reverse DVM, remaining on the surface during the day and migrating to deeper layers at night to avoid predation.
The wide variation of responses from rotifers to predators over the months and between lakes studies was mainly due to the great variety of species of this group, where each species may have a specific pattern of distribution in the water column. González (1998) registered a species-specific migratory pattern in rotifers in the presence of predators, for example: Kellicottia longispina Ahlstrom, 1983 and Polyarthra sp. showed a clear pattern of DVM, while Keratella cochlearis (Gosse, 1851) showed no migratory behaviour. It was also possible to verify the reduction in the amplitude of vertical migration of rotifers in months when predators were scarce or absent. Iacobuzio and Tiberti (2011) observed that the absence of predator fish induces the reduction or even the elimination of the migratory behaviour of some zooplankton groups, while in the presence of fish the DVM is observed. In many pelagic communities the predation pressure may come from distinct kind of organisms, such as planktivorous fish and invertebrate predators. The presence of multiple predators can result in a more complex migratory response of zooplankton prey more, since reducing the risk of predation from a certain predator may simultaneously increase the risk from another predator (Nesbitt et al., 1996) . Williamson (1993) highlights that the spatial overlap may play a key role in determining which prey will be consumed by predators.
Regarding the microcrustaceans, cladocerans showed a distinct behaviour between the lakes. In the Finado Raimundo Lake the most frequent behaviour was the reverse DVM, while in the Pintado Lake, the clearest pattern was the normal DVM. The DVM in cladocerans has been widely discussed. Several studies have already been conducted on this group, in particular those of Matsumura-Tundisi et al. (1984) and Lansac-Tôha et al. (1995) . In these studies, the vertical distribution of cladocerans was mainly explained according to the oxygen and temperature. However, in the present study, abiotic factors such as oxygen could not explain the vertical distribution of zooplanktonic organisms given the small depth of the lakes without clear stratification. A similar reverse DVM behaviour in cladocerans was found by Ghidini and Santos-Silva (2011) in lakes where cladocerans had a reverse migratory behaviour during certain periods of the year due to the presence of predators.
Copepods in turn exhibited DVM in almost all months, alternating periods with reverse and normal migratory behaviour. The variation in the migration amplitude can be partially described because its density consists mostly of immature (nauplii and copepodids). Studies like those of Bezerra-Neto and Pinto-Coelho (2007) demonstrated ontogenetic differences in the distribution of Thermocyclops inversus (Kiefer, 1936) , where nauplii hardly exhibited migratory behaviour, while adults and copepodids exhibited this behaviour. Such differences have generally been attributed to large individuals, which being more conspicuous and, therefore more susceptible to visual predators, migrates to avoid being predated (Neill, 1990) . Studies such as Makrakis et al. (2005 Makrakis et al. ( , 2008 analysing the diet of fish larvae have detected that the most abundant food item in the digestive tract of fish larvae were microcrustaceans (cladocerans and copepods).
In the present study, the Pearson correlation showed only two significant relationships between zooplankton organisms (rotifers and copepods) with abiotic variables. The absence of correlation between the distribution of zooplankton organisms and physical and chemical parameters is frequent in natural systems (Ghidini and Santos-Silva, 2011) , especially in floodplains environments. In general, more than one factor influences the composition and distribution of zooplankton organisms. For fish larvae, this analysis indicated that densities have been more significantly influenced by temperature, oxygen and pH. According to the observations of Baumgartner et al. (2008) , larvae of different fish species exhibited different relationships with abiotic variables. This probably explains the distinct relationships of fish larvae with abiotic factors between the lakes, probably related to the significant difference between densities of fish larvae in the lakes.
In summary, it was observed that in the Finado Raimundo and Pintado lakes, rotifers exhibited reverse DVM in most months, for microcrustacenas (cladocerans and copepods) the normal DVM was evident only in the Pintado Lake, whereas the predators (fish larvae) exhibited a clear normal DVM in both lakes. This study showed that the spatial distribution of zooplankton organisms may be associated with the distribution of ichthyoplankton, and that the diel vertical migration of the zooplankton was important in reducing the spatial overlap with predators.
